Introduction
MRI has become well established as the diagnostic method of choice in cervical disease [4, 7, 9, [11] [12] [13] . In the diagnosis of cervical spondylotic myelopathy, CT, myelography, myelo-CT and MRI each individually offers a comparably high degree of sensitivity and specificity [11] . MRI has also been reported to be highly effective in the differentiation between osteophyte and soft disc material causing compression [9] . This differentiation is of the utmost importance when one considers treatment of cervical disc disease with chemonucleolysis [2, 3, 10] . It is understood that chymopapain will only be successful in herniation of soft cervical disc and should have no effect when the compression is due to hard tissue, either calcified disc or osteophytes. Recent studies involving chemonucleolysis for cervical disc disease have used MRI as the mainstay for diagnosis [2, 3] . The aim of the present study was to evaluate the diagnostic efficacy of MRI in the differentiation between soft and hard disc as a cause of compression in cervical disc disease.
Material and methods
We studied retrospectively the cases of 41 consecutive patients (26 male and 15 female) with cervical radiculopathy and/or myelopathy, who had undergone surgery between January and December 1996 under the care of one surgeon (T.P.). MRI had been the sole preoperative diagnostic investigation in all cases, and all had been Abstract The aim of this study is to assess the accuracy of MRI alone in the differentiation of soft cervical disc protrusion from osteophytic compression in cervical disc disease. In a retrospective study, the MRI scans of 41 patients with cervical disc disease, who had previously undergone surgery, were presented to three independent observers, randomly on two different occasions, to identify the accuracy of the diagnosis of the presence of hard or soft disc or both as a cause of compression. The observers (two neurosurgeons and one neuroradiologist) were not involved with the treatment of the cases at any stage and were unaware of the surgical findings. Their observations were compared with those of the surgeon recorded at operation. The intra-observer agreement was poor for diagnosis into three categories as hard or soft disc or both. In distinguishing between the presence or absence of hard disc, there was moderate to good (Kappa = 0.6) intra observer and fair to moderate (Kappa = 0.4) interobserver agreement. The sensitivity of diagnosis of a hard disc was high (87%) but specificity was low (44%), due to the overestimation of the presence of hard disc. There was a significantly higher incidence of hard disc in the elderly age group (76% over the fifth decade, P = 0.0073). It is concluded that MRI alone is not a very efficient diagnostic tool in distinguishing between hard and soft disc in the cervical disc disease.
operated upon by an anterior approach for decompression with or without fusion. The intraoperative pathological findings were classified by the same surgeon, who was not subsequently involved in the assessment of the MRI scan, into three groups:
1. Pure bony compression due to calcified disc or osteophyte 2. Soft disc herniation 3. Both 200 Fig. 1 A, B A 68-year-old man with myelopathy and C5 radiculopathy. Sagittal T2-weighted (A) and axial gradient echo (B) MR sequences show compression of the subarachnoid space with structures of low signal intensity at multiple levels. Surgery revealed calcified disc material (hard disc) Fig. 2 A, B A 37-year-old man with C6 radiculopathy. Sagittal T2-weighted (A) and axial gradient echo (B) MR sequences show compression of the subarachnoid space with structures of increased signal intensity. Only soft disc was found peroperatively
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The intraoperative diagnosis was used to evaluate the accuracy of the MRI scan in correctly identifying the precence of bony compression or a soft cervical disc.
Diagnosis of hard or soft disc, either in isolation or combined, was made according to the description of Neuhold et al. [9] . Hard disc, either due to calcified disc or osteophyte, demonstrates low signal intensity in both sequences on MRI (Fig. 1 ). Herniated soft disc produces an intermediate signal on T2-weighted images and increased signal intensity on gradient echo sequences (Fig. 2) . Coexistence of hard and soft disc can be detected when differing signal intensities are present (Fig. 3) .
The MRI scans along with the clinical summary sheet were presented to three observers (two neurosurgeons and one neuroradiologist) who were not involved in the care of the patients. They independently assessed the clinically relevant level in each case, categorising the nature of the disc as hard, soft or both. The scans were presented in a random order on two different occasions to each observer, at least 12 weeks apart.
There were six sets of observed diagnosis by the three observers (ObsA1 and ObsA2, ObsB1 and ObsB2, ObsC1 and ObsC2). The observed diagnoses were then classified into one of two groups:
1. Hard disc present (previous catogories of hard disc or both) 2. Hard disc absent (soft disc).
The six sets of regrouped diagnoses were then designated as Obs A1 (rg) and Obs A2(rg) etc. Interobserver agreement was analysed only after the regrouping of observed diagnosis.
The Kappa statistic was used for agreement analysis [5] . This is a measurement of agreement in excess of that expected purely by chance. The agreement was accepted as poor for a Kappa of less than 0, slight for 0-0.2, fair for 0.21-0.4, moderate for 0.41-0.6, good for 0.61-0.8 and almost perfect for Kappa of 0.81-1.0. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were analysed for the accuracy of the diagnosis of presence of a hard disc, with intraoperative diagnosis as the gold standard.
Results
General findings
The mean patient age at operation was 55 years (range 25-79 years). Presenting symptoms were radiculopathy only in 15 cases and myelopathy only in 19 cases. There was no association between age, sex and acute or chronic presentation and symptoms of myelopathy or radiculopathy. Intra-operatively, compression was assessed to be due to hard disc only in 16 cases, soft disc only in 16 cases 4 Incidence of soft and hard disc in different age groups of patients with cervical disc disease, according to intra-operative diagnosis and both hard and soft disc together in 9 cases. There was no significant association between the presence of radiculopathy or myelopathy and the finding at operation of a hard or soft disc.
The presence of hard disc, isolated or in combination with soft disc, was more common in the elderly age group (Fig. 4) Twenty-five percent of cases (3/12) aged less than 49 years were found to have hard disc, as opposed to 76% (22/29) of those aged 50 years and above. This association was statistically significant (P = 0.0073, Fisher Exact probability test).
Intra-observer agreement
The intra-observer agreement was analysed by comparing the individual observer's assessment of the same MRI scans presented on two separate occasions. Seven sets of paired observations were excluded, as different disc levels had been assessed erroneously.
For the initial six sets of the observed diagnosis from the MRI scans into the groups of hard or soft disc or both, there was agreement in 20 of 38 cases (53%) for observer A, 24 of 38 cases (63%) for observer B and 29 of 40 (72.5%) for observer C ( Table 1 ). The Kappa values were 0.26, 0.38 and 0.54 for observer A, B and C respectively, indicating only fair agreement in observer A and B and moderate agreement in observer C.
After regrouping the observed MRI diagnosis into the categories 'hard or both' or 'soft', there was agreement in 30 of 38 cases (79%) for observer A, 31 of 38 (81.5%) for observer B and in 37 of 40 (92.5%) for observer C ( Table  2 ). The Kappa values were 0.53, 0.43 and 0.79 for observer A, B and C respectively, indicating moderate agreement in observers A and B and good agreement in observer C.
Interobserver agreement
The interobserver agreement was analysed only after regrouping the observed MRI diagnosis into the 'hard or both' and 'soft' groups. For the first set of observations there was agreement in 27 of 38 cases (71%, Kappa 0.28) between observer A and B, 29 of 38 cases (76%, Kappa 0.27) between observer B and C and in 28 of 38 (66%, Kappa 0.24) between observer C and A. For the second set of observations these figures were 31 of 37 (84%, Kappa 0.56), 28 of 38 (74%, Kappa 0.32) and 32 of 39 (82%, Kappa 0.51) respectively. According to these Kappa values, there was fair agreement in four and moderate agreement in the other two pairs of observations (Table 3) .
Sensitivity and specificity
The sensitivity, specificity, positive predictive value and negative predictive value of the diagnosis of the presence 202 of hard disc, isolated or coexisting with soft disc, for each of the six sets of observations, are summarised in Table 4 . While sensitivity to identify the presence of hard disc was high (mean 87%), the specificity was low (mean 44%). Conversely, the sensitivity of diagnosis of pure soft disc herniation was low, while specificity was high.
Discussion
MRI has become established as a valuable diagnostic procedure in cervical disc disease. Many authors have proposed the use of MRI as the diagnostic method of choice in cervical disc disease and reserve conventional myelography and CT-myelography for claustrophobic patients or those with a contra-indication to MRI [4, 7, 9, 13] . While the efficacy of MRI in the diagnosis of the level and degree of compression due to cervical disc disease has been studied extensively, its efficacy in the differentiation between hard and soft disc has not. This differentiation is important for two reasons. First, evidence of regression of a soft herniated cervical disc has been reported in patients recovering from cervical radiculopathy without surgery [1, 6] . The mechanism of such regression is probably due to autolysis of proteoglycan chains of the hernated disc, with loss of their hydrophilic capacity, resulting in desiccation and decrease in size [8] . Clearly, this mechanism can only occur with a herniated soft cervical disc disease with chemonucleolysis [2, 3, 10] . A successful intervention depends on the chymopapain reaching the mucoprotein of the herniated nucleus pulposus to hydrolyse it [10] . Osteophytosis causing compression with radiculopathy or myelopathy would not be expected to improve with chemonucleolysis.
In a prospective study in 30 patients, who subsequently underwent surgery, Neuhold et al. [9] found that it was possible to differentiate between bone tissue and disc material by MRI in all but one. Gomez-Castresana et al. [2] used MRI in 35 cases for diagnosis before chemonucleolysis for cervical disc disease and accurately diagnosed 37 out of 38 disc herniations (97.3%), though they felt they had to confirm the diagnosis with discography. They concluded that MRI appeared to be the only accurate mehtod for the diagnosis of soft cervical disc. Neither of the above studies involved the assessment of the MRI scan by blinded observers, and intra-and interobserver agreement were not studied.
In the present study, MRI alone did not prove to be efficient in the differentiation between hard and soft disc. The intraobserver agreement was satisfactory (Kappa = 0.6) for the diagnosis of the presence or absence of hard disc, but not for the diagnosis into three categories as hard, soft or both. This, however, is not important clinically. To consider chemonucleolysis, it is important to diagnose the presence or absence of hard disc, since these are not expected to shrink or be hydrolysed with the enzyme. The interobserver agreement was not analysed for the initial observed diagnosis into three categories, because of the low intra-observer agreement. Even after regrouping them into two categories, the agreement between the observers was poor.
When compared with the intra-operative diagnosis, the sensitivity of diagnosis of the presence of a hard disc was high (75-96%, mean 87%), but the specificity was low (27-60%, mean 44%). This was due to a tendency to overestimate the presence of hard disc by all the observers. Conversely, the sensitivity of diagnosis of the presence of isolated soft disc, suitable for enzymatic treatment, was low but specificity was high. When the observations for the three observers were pooled together, the sensitivity and specificity for the diagnosis of presence of hard disc was 86% and 43% for the first and 89% and 45% for the second observations respectively.
Conclusion
MRI alone was not found to be highly accurate in the differentiation between hard and soft disc in cervical disc disease. Consideration of the patient age, together with MRI and CT scanning, may improve the diagnostic accuracy. We suggest that those clinicians wishing to use chemonucleolysis for the treatment of cervical disc prolapse should consider further studies of the accuracy of various diagnostic methods for soft cervical disc herniation.
